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•  Spiropyran based monomer 
•  Spiropyran polymeric brushes in micro-capillaries 
•  Photo-detection of solvents of different polarities 
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Stimuli-responsive Materials 
Materials whose characteristics can be changed using  
an external stimulus 
Thermal 
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pH Chemo 
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 PDMS/glass hybrid micro-fluidic device functionalised  
with a monolayer of spiropyran molecules [2]. 
Experimental setup for measurement of capillary rise 
in a spiropyran monolayer functionalised capillary [1].  
Low loading of spiropyran molecule 
[2] F. Benito-Lopez et al. / Sensors and Actuators B 140 (2009) 295–303 
[1] R. Rosario et al. / Langmuir, 18 (2002) 8062-8069 
Common Approach - Monolayer 
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Synthesis of Spiropyran Monomer 
Our Approach 
•   polymer brushes 
•   high loading of spiropyran molecule 
•   3D arrangement 
 
- spiropyran molecule 
Micro-capillary : Convenient platform for rapid analysis and detection 
Advantages 
•   act as a mechanical support for the optically sensitive layer 
•   represents an optical waveguide structure 
•   suitable for real-time continuous flow analysis 
•   requires very small volume of analyte 
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Spiropyran-norbornene monomer 
UV 
white 
light 
1 mm 1 mm 
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Solid-state photochromism 
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Spiropyran polymeric brushes in micro-capillaries 
Silanisation 
Attachment of the catalyst  
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Spiropyran polymeric brushes in micro-capillaries 
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L. Florea, A. Hennart, D. Diamond, F. Benito-Lopez, Sens. Actuators B: Chem., 2011, DOI:10.1016/j.snb.2011.12.055 
3 µm 2 µm 
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Solvatocromic Properties 
The colour of the MC form depends on the difference in polarity between the  
photo-excited MC form and the conjugated zwitterionic ground state [1] 
"   The absorption band of MC form undergoes a hypsochromic (blue) shift in  
     solvents of increasing polarity (negatively solvatochromism). 
[1] U.I. Minkin / Chem. Reviews,104 (2004) 2751-2776. 
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Solvent Sensing 
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solvatochromism, meaning that their absorption bands undergo a hypsochromic (blue) 
shift in solvents of increasing polarity[47]. These changes are caused by 
intermolecular interactions between the solute and solvent that modify the energy gap 
between the ground and excited states of the absorbing MC species[48]. Depending 
on the solvent polarity, the MC form has a tendency to prevail in one of several 
molecular structures: neutral, cyanine-like, and charge-separated zwitterionic[49]. 
Based on this propriety, the MC isomer in solution has been studied for its potential 
use as an empirical indicator of polarity of typical organic solvents [24, 50] as well as 
ionic liquids [51, 52]. The stabilisation of the MC form in polar solvents leads to 
larger activation energy than in nonpolar solvents, as explained previously. When, for 
instance, a solution of SP-M (5x10-3 M) is irradiated with UV light in acetonitrile, 
acetone and toluene, the solution shows a strong colour change - pink, purple and 
blue, respectively (Fig. 11). This colour disappears after irradiation of the solution 
with white light, since the MC form reverts to the non-solvatochromic SP form, and 
the solution goes back to colourless. This behaviour shows that the SP-M monomer 
inherits the photochromic and solvatochromic proprieties of the ‘parent’ reactant SP1. 
 
 
Figure 11. Pictures of four vials containing a solution of the SP-M monomer (5x10-3 M) after 
irradiation for 10 seconds with UV light in different solvents (a-acetonitrile, b-acetone, c-
toluene) and after irradiation for 1 minute with white light (d). 
 
The absorbance spectra of the monomer open form (MC-M shows an 
absorption band at 609 nm in toluene and a significant hypsochromic (blue) shift in 
!max for acetone (575 nm) and an even higher one for ACN (568 nm), which indicates 
a significantly more polar micro-environment, after irradiation for 10 s with UV light 
(Fig. 12). 
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Figure 12. Absorption spectra of the SP-R2 monomer solution in ACN, acetone and toluene after UV 
and white light irradiation. 
 
When micro-capillaries functionalised with SP-M polymeric brushes are 
exposed to the same conditions, similar behaviour is observed (Fig. 13).  
 
 
Figure 13. Pictures of the spiropyran polymeric brushes functionalised micro-capillaries 
(bottom) after the same illumination conditions: 10 seconds irradiation with UV light (1-
acetonitrile, 2-acetone, 3-toluene) and irradiation for 1 minute with white light (4).  
 
This demonstrates that in the polymer brush structures, which are densely 
packed with spiropyran moieties, there is no evidence of steric hindrance of the 
characteristic SP- MC photo-switching in response to UV and white light irradiation. 
When in the merocyanine form, the polymer coatings show an absorbance band with 
a !max of 546 nm when filled with ACN, 552 nm when filled with acetone and 568 nm 
when filled with toluene (Fig.14).  
 
a –  ACN 
b –  Acetone 
c –  Toluene 
d –  after 1 min  
  white light 
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Figure 14. Absorption spectra of the SP-M funtionalised micro-capillary when filled with 
ACN, acetone and toluene after UV and white light irradiation. 
 
These absorption bands disappear after irradiation of the micro-capillary with 
white light for 1 minute due to reversion to the non-solvatochromic spiropyran form. 
This process is completely reversible, implying that the platform can be switched 
between sensing and non-sensing modes entirely using light. The shift of the !max in 
the absorption spectra of the polymer brushes compared to that of the monomer in 
solution is most likely due to the local environmental effects that are related to the 
immobilisation of the spiropyran moiety [50]. It can be explained taking into account 
the compact organisation of spiropyran units in the polymer brushes, wherein the 
conformation of a single spiropyran moiety is not only influenced by the solvent but 
also by the neighbouring spiropyran units that may be present in their polar 
merocyanine form.  
 
 
3.4  Conclusions 
 
To the best of our knowledge this is the first time spiropyran based polymer 
brushes were grafted on the inner walls of a micro-micro-capillary. Using Si-ROMP a 
three-dimensional arrangement formed of polymeric brushes, covalently attached to 
the inner wall of the fused-silica micro-capillary, where the spiropyran moiety has the 
freedom to open and close in response to light (UV, white light) was obtained. It was 
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Metal ions sensing binding and releasing 
SP-M sol in ACN 
20 s UV light 
+ Ni2+ + Co2+ + Cu2+ + Cd2+ + Zn2+ 
I. Solution studies 
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Metal ions sensing binding and releasing 
Cu2+ Co2+ Cd2+ Ni2+ MC Zn2+ 
I. Solution studies 
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Metal ions sensing binding and releasing 
II. Capillary coatings 
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Cu2+ Co2+ Cd2+ Ni2+ MC Zn2+ 
Metal ions sensing binding and releasing 
II. Capillary coatings 
J9G8587<4F*
K7BL*
I+* MNV*
I+A"6OP* MVS*
I+A+?OP* MOO*
I+A+>OP* MQ2*
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Metal ions binding and releasing 
white light + Co2+ + UV light 
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Conclusions 
"   First example of spiropyran polymer brushes  
     in micro-capillaries  
"   Self-diagnostic for continuous flow device 
"   Solvent detection in micro-capillaries 
"   Sensing behaviour can be switched on/off remotely  
     using light 
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